Specimens of bone marrow or liver were coHected from patients with lepromatous leprosy at the same time that skin biopsy specimens were removed . The viability of the bacilli was measured by inoculation into mice. There were 20 bone ·marrow specimens, and infectivity for mice was present in all of the 16 that came from patients whose skin specimens contained bacill i infective for mice. The incubation period was shorter with skin specimens in 10 cases. It did not diffe r by more than 2 mon ths except in 3 cases, and in all 3 it was shorter with skin specimens. Thus, although viable My co. leprae were present in marrow, the evidence suggests that in most instances the proportion of viable bacilli was somewhat less than in skin.
Specimens of bone marrow or liver were coHected from patients with lepromatous leprosy at the same time that skin biopsy specimens were removed . The viability of the bacilli was measured by inoculation into mice. There were 20 bone ·marrow specimens, and infectivity for mice was present in all of the 16 that came from patients whose skin specimens contained bacill i infective for mice. The incubation period was shorter with skin specimens in 10 cases. It did not diffe r by more than 2 mon ths except in 3 cases, and in all 3 it was shorter with skin specimens. Thus, although viable My co. leprae were present in marrow, the evidence suggests that in most instances the proportion of viable bacilli was somewhat less than in skin.
Five liver specimens were studied similarly . The bacillary viability in these specimens appeared also to be somewhat less than in the skin specimens.
These results are consistent with the hypothesis that the primary site of bacillary multiplication in lepromatous leprosy is in the skin and nasal mucosa, and that the bacilli enter the bloodstream from these sites, to be removed by phagocytes of the bone marrow and liver and other members of the reticulo-endothelial system.
Leprosy is a disease primarily of the skin and peripheral nerves and, in the lepromatous form, of the nasal mucosa. In the lepromatous disease , the bilater ally symmetrical distribution of the lesions strongly suggests blood-borne spread , and My cobacterium /eprae may be demonstrated microscopically in the blood (r eviewed in Hollmann, 1916) . In this for m of the disease Myco. /eprae may also be pr esent in large numbers in the spleen and liver ; whether the bacilli multiply there or ar e merely scavenged fr om blood, or even if many of the bacilli there are viable, had not been known . Recently the viability of Myc o. /eprae in the blood of lepromatous patients was reported (Drutz and Levy , 1971) . The natural disease affects the cooler parts of the skin an d the nerves preferentially , and in the experimental disease the baciJIi grow in the cooler tissues of the mouse . Much evidence suggests that the optimum temperature for the multiplication of Myco. /eprae is below 37°C, probably about 30°, and that multiplication ceases near 37° (revi ewed in Shepard, 1965) .
In the present study , we have employed mouse inoculation s to compare the viability of Myco. /eprae in lepromatous patients' bone marrow and liver specimens, with that in skin biopsy specimens taken at the same time.
Materials and Methods
The specimens were collected from patients with lepromatous leprosy at the Schie ffelin Leprosy Research Sanitorium, Karigiri, near Vellore , South India. Th e patients were supposedly untreated, but determinations of the sulfone level in the plasma of a number of the patients showed that some had recently ingested dapsone. The specimens were fl own to Atlanta under wet ice refrigeration. Usually the mouse inoculations were completed within 90 h of the time the specimens were colIected.
The methods for mouse inoculation (Shepard , 1962) and counting of bacilli (Shepard and McRae, 1968) have been previously described. The skin and liver specimens were made into tissue suspensions as described by Shepard (1962) . The bone marrow specimens, 2 to 4 ml in volume, were diluted with distilled water to 5.0 ml, treated in the Mickle tissue disintegrator fo r I min with vibrations of 3m m amplitude and centrifuged at 3000 rev/min (1200 g) for 30 min.; the supernatants were discarded ; the sediments were re suspended in 5 ml of distilled water, mixed thoroughly with a bulb and pipette, and recentrifuged at 3000 rev/min ; the supernatan ts were again discarded, and the sediments resuspended fm ally in a 2.0 ml Hanks' balanced salt solution containing 0.1 % bovine albumin. Because many red blood cells were still present in the final suspensions, the slides had to be de-stained for a longer period than was necessary for the suspensions of skin an d liver specimens. All suspensions were diluted, if necessary , to contain 5.0 x 10 3 acid-fast bacilli in the 0.03 ml inoculated into mice. The extra de-staining of bone-m arrow specimens appears to have led to an underestimate of the number of bacilli inoculated into mice.
After inoculation, one mouse was kiJIed each month for histological sections; the time elapsed before acid-fast bacilli appeared in histological sections is referred to as the incubation period. The figure for the incubation period was taken as a measure of the proportion of viable bacilli in the inoculum. If the number of bacilli from marrow specimens was, in fact, underestim ated, the incubation period would have been shortened an d the viability of marrow bacilli overestimated.
When acid-fast bacilli in significant numbers were observed in the histological sections, 4 mice were killed for counts of bacilli in their harvested fo otpad tissues. The number of bacilli harvested per mouse is presented in Table I , and this gives an indication of timing of the harvests. The generation time was not used to estimate viability because this figure was affected excessively by underestimation of the inoculum. The detailed results are given in Table 1 . Of the 20 bone-m arrow sp ecim ens, 11 contained countable numbers of acid-fast bacilli. The bone-marrow specimens were much large r than the skin specimens, so the concentration of observed bacilli in skin specimens was always greater. Patients with high numbers of bacilli in their skin specimens tended to have higher bacillary counts in their bone-marrow specimens ( Table 2 ). The prolonged de-staining that was usually necessary with
TABLE 2
Relationship between number of bacilli in bone marrow and in skin specimens AFB in skin specimens <4 X 10 4 to I . 1 X 10 6 I. I x 106 to 3 x 10 7 3 x I 0 7 to 4 x I 0 8 a AFB = acid-fast bacteria.
AFBa in bone marrow specimens _b , _ , _ , _ , 1.8 X 10 5 ,9.8 X 10 5 -, -, -, -,2. 1 x 10 5 , 5.1 x 10 5 , 2.3 x 10 6 -,2.5 x lO S , 3.1 x lO S , 5.8 x lO S , 1.8 X 10 6 ,2.0 X 10 6 ,3.1 X 10 6 b -signifies that no AFB were detected during the counting procedure .
bone-marrow sp ecimens may have led to frequen t underestim ation of the number of bacilli in this material. Of the 9 marrow sp ecim en s with negative bacillary counts, 7 were infective for mice, usu ally with incubation periods about as short as those for the corresponding skin specimen ; the 2 that were not infective for mice came from patients whose skin specimens were also not infective for mice.
Infectivity for mice was present in all 16 bone-marrow sp ecimens from patients whose skin bacilli were infective. The infectivity of skin and marrow bacilli is compared in Table 3 . The incubation periods were sh orter with skin specimens in The calculated bacillary inoculum from the two specimens being compared did not differ by more than twofold.
cThe calculated inoculum from the skin specimens exceeded that from the other specimen by more than twofold .
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in 3 patients (9853, 10125, and 10138); in these 3 cases th e incubation period was shor ter with the skin specimen. The incubation period was sh orter with the marr ow specimen in 3 instances, but the difference here was only I month. Thus it seems quite possible th at th e pr oportion of viable bacilli pr esent in marr ow specimens never exceeded that in skin sp ecimens. Some reservation is needed here, however , because the marrow bacilli received more manipulation before they were inoculated into mice.
LIVER SPECIMENS
The results ar e shown in Tables I an d 3. The liver specimens were much sm aller than the skin specimens ; thus the concentration of bacilli in 2 of the liver specimens (10135 and 10263) may have been at least as high as that in their corresponding skin specimens. Of the 5 sp ecimens inoculated into mice, 4 contained countable numbers of bacilli. Of these , 2 gave incubation periods of 6 and 7 months respectively, only I month longer than that given by the same patient's skin specimen. In the other 2 cases, the results indicated that only a few viable bacilli were pr esent in either skin or liver specim en (an incubation period as long as 10 months is observed in cases where only a few viable bacilli are inoculated and only a fr action of the mice develop infections). Thus the results with liver specimens, although limited, ar e similar to those with marr ow specimens. The experimental tr eatment of liver bacilli was the same as th at of skin bacilli.
Disc ussion
Significant num bers of My co. /eprae were microscopically detectable in bone-marrow an d liver specimens. Mouse inocu lations demonstrated tha t viabil ity was usually present, bu t indicated that in most instances the proportion of viable bacilli was probably less in bone-marrow and liver bacilli than in skin bacilli. If the bacilli in marrow and liver multiply at the same ra te as those · in sI<in , they migh t be expected to have infectivity equal to that of skin bacilli. An exact model of the mul tiplication of My co. /eprae in various tissues and its transport in blood cannot be constructed, however, because of missing information, for example the bacillary death rates and rates of disappearance of dead bacilli in bone marrow are not known. Nevertheless, the available resu lts are in accord with the hypothesis that the primary site of multiplication of My co. /eprae is in the cooler peripheral tissues. The high rates of blood fl ow through the skin and nasal mucosa at warm air temperatures would fa cilitate entry of the bacilli into the blood , and rem ov al of blood-borne bacilli by phagocy tes of bone marrow and liver would be in accord with the known fu nction of these components of the re ticulo-endothelial system .
An immunol ogical role of leprosy bacilli in bone marrow seems possible. Bone marrow lymphocytes are processed in the thymus gland before they becom e T-lymphocytes, the mediators of cellular immunity . Much evidence suggests that immunity to leprosy an d most other mycobacterial diseases is primarily a fu nction of cellular immunity. The prese nce of living and dead My co. /eprae in the bone marrow of the lepromatous patient migh t inhibit the development of the cione(s) of lymphocytes destined, after processing in the thymus, to acqu ire the ability to devel op sensitivity to Myco. /eprae. A deficiency of su ch cells might then lead to the tissue unresponsiveness fo r My co. /eprae that characterizes the leprom atous form of the disease .
The evidence for a low temperature op timum for multiplication for My co.
leprae has led to suggestions that, as a therapeu tic measure , the temperature of involved tissue be raised by the local application of warm clothing or heat. A low temperature op timum for multiplication does not, however, necessarily signify that raising the temperature a few degrees above the optimum will lead to significant killing of the organisms or to their more rapid disappearance from the tissues. The present results do not encourage the use of local heat to kill Myco. /eprae. Standard dosages of drugs are able to accomplish killing more rapidly ; dapsone usually renders skin bacilli non-infective for mice in less than 100 days (Shepard , Levy , and Fasal, 1968) , and rifam pin in a few days (Shepard, Levy , and Fasal , 1972) .
